Protein kinase C and protein tyrosine kinase mediate lipopolysaccharide- and cytokine-induced nitric oxide formation in vascular smooth muscle cells of rats.
Rat aorta media, adventitia and cultured vascular smooth muscle cells (VSMCs) were used in this study to identify the source of nitric oxide (NO) generation from various cell types of vascular tissues and to elucidate the mechanisms involved in NO formation. Treatment of vascular media and VSMCs with lipopolysaccharide (LPS) or cytokines [tumor necrosis factor-alpha (TNF-alpha) and interleukin-1 beta (IL-1beta)] resulted in a dose-dependent increase of NO release. Inducible nitric oxide synthase (iNOS) in the stimulated VSMCs was significantly upregulated as shown by Western blot analysis. Protein kinase C (PKC) inhibitor 1-(5-isoquinolinesulfonyl)-2-methylpiperazine (H7) prevented LPS-, TNF-alpha- and IL-1beta-induced NO production, whereas N-(2-guanidinoethyl)-5-isoquinoline-sulfonamide (HA1004), an H7 analogue with little activity towards PKC, had no inhibition effect. The role of PKC in LPS- and cytokine-induced changes on NO formation was confirmed by using another structurally distinct PKC inhibitor chelerythrine. Treatment of VSMCs with protein tyrosine kinase (PTK) inhibitor genistein or tyrphostin AG18 also reduced the NO production evoked by LPS, TNF-alpha or IL-1beta, which was associated with inhibition of iNOS protein expression. In contrast, PKC inhibitor chelerythrine did not affect iNOS expression. These results suggest that PTK mediates LPS- and cytokine-induced NO formation by upregulation of iNOS expression. PKC may be involved in the post-translational modification of iNOS or the regulation of the availability of iNOS substrates and cofactors.